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TOUCHSCREEN WITH EXTENDED 
CONDUCTIVE PATTERN 

CROSS REFERENCE TO RELATED 
PATENTS/PATENT APPLICATIONS 

Provisional Priority Claims 

The present U.S. Utility Patent Application claims priority 
pursuant to 35 U.S.C. S 119(e) to the following U.S. Provi 
sional Patent Applications which are hereby incorporated 
herein by reference in their entirety and made part of the 
present U.S. Utility Patent Application for all purposes: 

1. U.S. Provisional Application Ser. No. 61/090,892, 
entitled “Extended touchscreen pattern filed Aug. 21, 2008, 
pending. 

2. U.S. Provisional Application Ser. No. 61/092,914, 
entitled "Meshed touchscreen pattern filed Aug. 29, 2008, 
pending. 

Incorporation by Reference 

The following U.S. Utility Patent Application, being filed 
concurrently, is hereby incorporated herein by reference in its 
entirety and is made part of the present U.S. Utility Patent 
Application for all purposes: 

1. U.S. Utility Application Ser. No. 12/407,661, entitled 
“Meshed touchscreen pattern.” filed Mar. 19, 2009, pending. 

BACKGROUND OF THE INVENTION 

1.Technical Field of the Invention 
The invention relates generally to devices that include a 

man to machine interface (MMI) implemented using a touch 
screen; and, more particularly, it relates to conductive pat 
terns employed within Such touchscreens. 

2. Description of Related Art 
Touchscreen technology is relatively new in the world of 

displays for stationary and mobile devices. Traditionally, an 
underlying layer of lines that can sense a users touch are 
arranged in a patterned manner and are monitored iteratively 
for a signal that suggests a coordinate of a point that is 
touched. Initial systems were designed to detect a single 
touch. A new emphasis, however, is to develop touchscreen 
technology that can accurately detect multiple simultaneous 
touches. 
Some current technology for multi-finger touch works by 

charging and discharging a Voltage on a row or column of 
conductor and measuring the change in the charge when 
touched. This technology includes all stray capacitance in the 
measurement. One standard arrangement for the lines that 
detect touch is to use rows and columns of the sensing lines 
that include a series of diamond shaped areas connected end 
to end. The row and column lines are arranged so that the 
diamonds do not overlap each other, even if on different 
layers, and the rows and columns are placed so that they only 
overlap at the intersections of connection lines between the 
diamond shaped areas. The overlapping area of the intersec 
tion of the connection lines is kept very Small to reduce 
capacitance and, therefore, the capacitive effects of the over 
lapped areas. The capacitive effects of the overlapped areas 
can be much larger than any other “noise' or “unusable sig 
nal in the system. 
The original touchscreen devices were small thereby 

resulting in the number of lines used for sensing touch being 
manageable given the iterative manner in which Such lines are 
scanned. Traditionally, a cross point connection resulting 
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2 
from a touch resulted in a signal produced at a sensing line 
arranged horizontally would appear on a sensing line 
arranged vertically, or vice versa. Thus, if there were 10 
horizontal lines (rows) and 10 vertical lines (columns), 100 
possible points have to be scanned to determine whether a 
touch occurred. For a small screen, the diamond shaped areas 
could be made Small so that a finger might touch more than 
one diamond at a time to assist in the accurate determination 
of the touch location. 
As screens increase in size, however, the shaped areas for 

detecting touch tend to increase in size also to avoid or mini 
mize an increase in a number of lines (vertical or horizontal) 
that must be monitored/scanned to detect a touch. For 
example, ifa four inch monitor has twenty vertically arranged 
lines and 20 horizontally arranged lines, four hundred pos 
sible touch locations require monitoring on a repetitive basis 
(e.g., 50 times per second) for a cross point monitoring 
scheme. It is easy to see that if the screen size increases to a 12 
square inch area, and the arrangement of the lines and size of 
the shaped areas remains constant, the number of possible 
touch locations increases to 3600. If the scan rate is 50 times 
per second, 2000 scan points are performed per second for a 
4" touchscreen, and 18,000 scan points are performed per 
second for the 12" touchscreen. Accordingly, designers have 
tended to increase, perhaps proportionally, the size of the 
shaped areas to match the increase in Screen size so as to not 
increase the number of possible touch locations that require 
monitoring. 

BRIEF SUMMARY OF THE INVENTION 

The present invention is directed to apparatus and methods 
of operation that are further described in the following Brief 
Description of the Several Views of the Drawings, the 
Detailed Description of the Invention, and the claims. Other 
features and advantages of the present invention will become 
apparent from the following detailed description of the inven 
tion made with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

FIG. 1A illustrates an embodiment of a handheld media 
unit. 

FIG. 1B illustrates an embodiment of a computer. 
FIG. 1C illustrates an embodiment of a wireless commu 

nication device. 
FIG. 1D illustrates an embodiment of a personal digital 

assistant (PDA). 
FIG. 1E illustrates an embodiment of a laptop computer. 
FIG. 1F illustrates an embodiment of a laptop computer 

with an integrated touchscreen (e.g., a tablet) on the palm rest. 
FIG. 1G illustrates an embodiment of an electronic tablet. 
FIG. 2 illustrates an embodiment of a touchscreen in which 

cross point detection is performed to location a users inter 
action with the touchscreen. 

FIG.3 illustrates an embodiment of a touchscreen in which 
Zone detection is performed to location a users interaction 
with the touchscreen. 

FIG. 4A illustrates an embodiment of a conductive pattern 
(e.g., indium tin oxide (ITO) as may be deposited on a Sub 
strate composed of polyester or other material) as employed 
in a touchscreen. 

FIG. 4B illustrates an embodiment of a scaled conductive 
pattern as employed in a touchscreen (e.g., as used in a larger 
touchscreen than that of FIG. 4A). 
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FIG. 5A illustrates an embodiment of a column or row of a 
conductive pattern, as employed in a touchscreen, that 
includes multiple areas. 

FIG. 5B illustrates an embodiment of complementarily 
aligned columns and rows of a conductive pattern as 
employed in a touchscreen. 

FIG. 6 illustrates another embodiment of complementarily 
aligned columns and rows of a conductive pattern as 
employed in a touchscreen. 

FIG. 7 illustrates another embodiment of complementarily 
aligned columns and rows of a conductive pattern, as 
employed in a touchscreen, that include extended areas. 

FIG. 8A illustrates an embodiment of a column (or row) of 
a conductive pattern, as employed in a touchscreen, that 
include hole portions complementarily aligned and filled by a 
row (or column). 

FIG. 8B illustrates another embodiment of a column (or 
row) of a conductive pattern, as employed in a touchscreen, 
that include hole portions complementarily aligned and filled 
by a row (or column). 

FIG. 9 illustrates an embodiment of a column and a row of 
a conductive pattern, as employed in a touchscreen, that 
include an extended area complementarily aligned with a 
hole of another area. 

FIG.10 illustrates an embodiment of a column and a row of 
a conductive pattern, as employed in a touchscreen, that 
include an extended area complementarily aligned with a 
notch of another area. 

FIG.11 illustrates an embodiment of a column and a row of 
a conductive pattern, as employed in a touchscreen, that 
include various extended areas. 

FIG. 12A illustrates an embodiment of multiple columns 
and rows of a conductive pattern, as employed in a touch 
screen, that include various extended areas. 

FIG. 12B illustrates another embodiment of multiple col 
umns and rows of a conductive pattern, as employed in a 
touchscreen, that include various extended areas. 

FIG. 13A illustrates another embodiment of multiple col 
umns and rows of a conductive pattern, as employed in a 
touchscreen, that include various extended areas. 

FIG. 13B illustrates another embodiment of multiple col 
umns and rows of a conductive pattern, as employed in a 
touchscreen, that include various extended areas. 

FIG. 14 illustrates an embodiment of multiple columns and 
rows of a conductive pattern, as employed in a touchscreen, 
that include various extended areas of various shapes. 

FIG. 15A illustrates an embodiment of placement of con 
ductive patterns within a touchscreen. 

FIG. 15B illustrates an alternative embodiment of place 
ment of conductive patterns within a touchscreen. 

FIG. 16A illustrates an alternative embodiment of place 
ment of conductive patterns within a touchscreen. 

FIG. 16B illustrates an alternative embodiment of place 
ment of conductive patterns within a touchscreen. 

FIG. 17 illustrates an embodiment of a pair of conductors 
and associated signal responses from adjacent conductors of 
a conductive pattern. 

FIG. 18 illustrates an alternative embodiment of signal 
responses from adjacent conductors of a conductive pattern. 

FIG. 19 illustrates an embodiment of a signal detection 
module. 

FIGS. 20A and FIG. 20B illustrate embodiments of Sub 
stantially complementary and Substantially non-complemen 
tary overlap of conductors within a conductive pattern, 
respectively. 
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4 
FIGS. 21A and FIG. 21 B illustrate alternative embodi 

ments of substantially complementary and Substantially non 
complementary overlap of conductors within a conductive 
pattern, respectively. 

FIGS. 22A and FIG. 22B illustrate alternative embodi 
ments of substantially complementary and Substantially non 
complementary overlap of conductors within a conductive 
pattern, respectively, that are implemented on a same level (or 
layer) within a touchscreen. 

FIG. 23 illustrates an embodiment of a method for deter 
mining an interpolated axial position. 

DETAILED DESCRIPTION OF THE INVENTION 

Devices that include some form of man to machine inter 
face (MMI) are employed in a wide variety of contexts. There 
are a variety of types of MMIs that allow a user to provide 
information to and retrieve information from a device (e.g., 
keyboard of a device such as a computer, an interactive panel/ 
touchscreen on any number of devices Such as a self-service 
gas pump, a self-service check in terminal at an airport, etc.). 
Some MMIs that are implemented using touchscreens in 
which a user interacts with the touchscreen using a finger or 
Some other implement (e.g., a stylus or other means by which 
locations on the touchscreen are selected by the user) are 
increasing in their prevalence. Any of a wide variety of 
devices may include a MMI having at least a portion of which 
is implemented with a touchscreen. 

FIG. 1A illustrates an embodiment of a handheld unit 101. 
A handheld media unit 101 to provide general storage or 
storage of audio content such as motion picture expert group 
(MPEG) audio layer 3 (MP3) files or Windows Media Archi 
tecture (WMA) files, video content such as MPEG4 files for 
playback to a user, and/or any other type of information that 
may be stored in a digital format. Historically, such handheld 
media units were primarily employed for storage and play 
back of audio media; however, Such a handheld media unit 
101 may be employed for storage and playback of virtual any 
media (e.g., audio media, video media, photographic media, 
etc.). Moreover, such a handheld media unit 101 may also 
include other functionality Such as integrated communication 
CaS. 

To allow a user to provide commands to and select certain 
functions via the touchscreen of the handheld media unit 101, 
the handheld media unit 101 includes at least one touch 
screen. Certain selections on the touchscreen may be made by 
a user's finger or other bodily portion; alternatively, the hand 
held media unit 101 may include some user-provided imple 
ment (e.g., a stylus or other implement) that the user may 
employ to provide commands to and select certain functions 
via the touchscreen of the handheld media unit 101. 
FIG.1B illustrates an embodiment of a computer 102. The 

computer 102 can be a desktop computer, or an enterprise 
storage devices such a server, of a host computer that is 
attached to a storage array Such as a redundant array of inde 
pendent disks (RAID) array, storage router, edge router, Stor 
age Switch and/or storage director. 
The actual monitor of the computer 102 may have touch 

screen capability (or only a portion of the monitor may have 
touchscreen capability). Alternatively, a peripheral device of 
the computer 102 (e.g., a keyboard or other peripheral device) 
may include a touchscreen thereon. A user may provide com 
mands to and select certain functions via the touchscreen of 
the computer 102. Certain selections on the touchscreen may 
be made by a user's finger or other bodily portion; alterna 
tively, the computer 102 may include some user-provided 
implement (e.g., a stylus or other implement) that the user 
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may employ to provide commands to and select certain func 
tions via the touchscreen of the computer 102. 

FIG. 1C illustrates an embodiment of a wireless commu 
nication device 103. Wireless communication device 103 is 
capable of communicating via a wireless network Such as a 
cellular, personal communications service (PCS), general 
packet radio service (GPRS), global system for mobile com 
munications (GSM), and integrated digital enhanced network 
(iDEN) or other wireless communications network capable of 
sending and receiving wireless communications. Further, 
wireless communication device 103 is capable to communi 
cate via the Internetto access email, download content, access 
websites, and provide Steaming audio and/or video program 
ming. In this fashion, wireless communication device 103 can 
place and receive calls, text messages Such as emails, short 
message service (SMS) messages, pages and other data mes 
sages that can include attachments such as documents, audio 
files, video files, images and other graphics. 
The wireless communication device 103 includes a touch 

screen that allows a user of the communication device 103 to 
provide commands to and select certain functions of the com 
munication device 103. Certain selections on the touchscreen 
may be made by a user's finger or other bodily portion; 
alternatively, the communication device 103 may include 
Some user-provided implement (e.g., a stylus or other imple 
ment) that the user may employ to provide commands to and 
select certain functions via the touchscreen of the communi 
cation device 103. 

FIG. 1D illustrates an embodiment of a personal digital 
assistant (PDA) 104. The PDA 104 includes a touchscreen 
that allows a user of the PDA 104 to provide commands to and 
select certain functions of the PDA 104. Certain selections on 
the touchscreen may be made by a user's finger or other 
bodily portion; alternatively, the PDA 104 may include some 
user-provided implement (e.g., a stylus or other implement) 
that the user may employ to provide commands to and select 
certain functions via the touchscreen of the PDA 104. 

FIG. 1E illustrates an embodiment of a laptop computer 
105. The actual monitor of the laptop computer 105 may have 
touchscreen capability (or only a portion of the monitor may 
have touchscreen capability). Alternatively, a peripheral 
device of the laptop computer 105 (e.g., an external keyboard 
or other peripheral device) may include a touchscreen 
thereon. A user may provide commands to and select certain 
functions via the touchscreen of the laptop computer 105. 
Certain selections on the touchscreen may be made by a 
user's finger or other bodily portion; alternatively, the laptop 
computer 105 may include some user-provided implement 
(e.g., a stylus or other implement) that the user may employ to 
provide commands to and select certain functions via the 
touchscreen of the laptop computer 105. 

FIG. 1F illustrates an embodiment of a laptop computer 
106 with an integrated touchscreen (e.g., a tablet) on the palm 
rest. A user may provide commands to and select certain 
functions via the integrated touchscreen (e.g., tablet) of the 
laptop computer 106. Certain selections on the integrated 
touchscreen (e.g., tablet) may be made by a user's finger or 
other bodily portion; alternatively, the laptop computer 106 
may include some user-provided implement (e.g., a stylus or 
other implement) that the user may employ to provide com 
mands to and select certain functions via the integrated touch 
screen (e.g., tablet) of the laptop computer 106. 

FIG. 1G illustrates an embodiment of an electronic tablet 
107. The electronic tablet 107 includes a stylus that a user 
employs to provide commands to and select certain functions 
of the electronic tablet 107. The electronic tablet 107 may also 
include integrated computing capability, storage means, etc. 
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6 
that allow the electronic tablet 107 to operate, at least in some 
respects, like a computer or laptop computer. However, the 
electronic tablet 107 includes no integrated keyboard. It is 
noted, however, that a virtual keyboard may be displayed on 
the electronic tablet 107, and buttons thereof may be selected 
by the stylus that the user employs. Of course, it is noted that 
alternatively, an embodiment Such as an electronic tablet may 
include no stylus and certain selections on Such an electronic 
tablet may be made by a user's finger or other bodily portion. 
As can be seen, a wide variety of devices may employ a 

touchscreen to effectuate at least one part of an MMI thereto. 
There are various means by which a user's interaction with 
Such a touchscreen can be detected. 

FIG. 2 illustrates an embodiment 200 of a touchscreen 201 
in which cross point detection is performed to locate a user's 
interaction with the touchscreen. In some embodiments, an 
active surface area of the touchscreen 201 a covers a slightly 
smaller portion of the touchscreen 200. For example, a border 
or perimeter around the active Surface area of the touchscreen 
201a may be employed. 
A number of conductors forming rows and columns of a 

conductive pattern (e.g., indium tin oxide (ITO)) may be 
deposited on a Substrate composed of polyester or other mate 
rial on one or more layers of the touchscreen. In some 
embodiments, a first portion of the conductive pattern (e.g., 
the columns) is disposed on a first layer, and a second portion 
of the conductive pattern (e.g., the rows) is disposed on a 
second layer; the first and second layer may be separated by a 
dielectric material in some embodiments. Alternatively, the 
row and column oriented conductors may be disposed on the 
same layer and may utilize known techniques for connecting 
elements including traces, vias, bond wires, etc. to ensure that 
the first portion of conductive pattern (e.g., the columns) do 
not directly come into contact with the second portion of 
conductive pattern (e.g., the rows). While this and other 
embodiments depict rows and columns that are inherently 
perpendicular to one another, there may be other embodi 
ments in which a plurality of first conductors are aligned in a 
first direction and a plurality of second conductors are aligned 
in a second direction that is different to the first direction 
wherein there is no particular requirements for the orientation 
of the first and second directions. In other words, the conduc 
tors need not necessarily be perpendicular to one another 
(though they may be perpendicular in one referred embodi 
ment). Moreover, the conductors need not be oriented in 
Vertical and horizontal axis though Such orientation is shown 
in the described embodiments. 

In the embodiment 200, a signal generation module 210 
provides a signal to a multiplexer (MUX) 212 that selectively 
applies the signal from the signal generation module 210 to 
one on “N' first conductors (e.g., to a selected row) of the 
conductive pattern. The MUX 212 ensures that the signal is 
applied, at different times, to each of the first conductors (e.g., 
to each of the rows) of the conductive pattern based on a row 
selection signal generated by row selection circuitry (e.g., 
logic circuitry in one embodiment). 
A signal detection module 220 receives a signal from MUX 

222 that is selectively coupled to each of the second conduc 
tors (e.g., to selected columns) of the conductive pattern. The 
MUX 222 ensures that the signal detection module 220 
samples and detects (or tries to detect) a signal from each of 
the “M” second conductors (e.g., to selected columns) of the 
conductive pattern. In one embodiment, the signal that is 
produced into a first conductor is coupled to a second con 
ductor at a touch location and is received by the signal detec 
tion module. 
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In an alternate embodiment, a users touch increases 
capacitance between first and second conductors at a touch 
location thereby increasing an input signal magnitude at the 
conductor to which the signal is produced and an output 
signal magnitude (due to the increased capacitance) that is 
detected by the signal detection module at the second con 
ductor(s) affected by the user's touch at the touch location. 
Thus, a direct coupling does not occur between the first and 
second conductors in this alternate embodiment. Generally, 
by applying a signal to each row and testing for a signal at 
each column of the touchscreen, a touch can be detected when 
a user interacts with the touchscreen (e.g., as shown by con 
tact point) with a reasonably high degree of certainty as to 
where the user has interacted with the touchscreen (e.g., as 
limited by the granularity and/or proximity of the rows and 
columns). 

For example, when a user does interact with the touch 
screen, the increased capacitance will be introduced in the 
conductive pattern corresponding to the location of the user's 
interaction. This increased capacitance introduces a reduced 
impedance path due to the increased capacitance between a 
row and column (e.g., first and second conductors) as caused 
by the user or the implement (e.g., Stylus) employed by the 
user. Because capacitive reactance, Z, Scales inversely with 
capacitance (i.e., because Z-1/(DC, where () is frequency in 
radians per second, and C is capacitance infarads), the imped 
ance decreases as capacitance increases with a users touch at 
the touch location. Therefore, by detecting a change in a 
signal provided to a particular row and detected at a particular 
column, an estimate of the location of the users interaction 
with the touchscreen may be made. 

FIG.3 illustrates an embodiment 300 of a touchscreen 301 
in which Zone detection is performed to location a user's 
interaction with the touchscreen. As with the previous 
embodiment, in some embodiments, an active Surface area of 
the touchscreen 301 a covers a slightly smaller portion of the 
touchscreen 300. For example, a border or perimeter around 
the active surface area of the touchscreen 301a may be 
employed. 

This embodiment 300 differs from the previous embodi 
ment, at least in that, a signal generation/detection module 
310 is employed both to provide a signal to a particular row 
and to detect a change in the signal being provided to that 
particular row. The signal generation/detection module 310 
operates cooperatively with a MUX 312 to apply a signal and 
detect that signal being applied to each of the rows and col 
umns of the conductive pattern of the touchscreen. 
When a user does interact with the touchscreen, an 

increased capacitance will be introduced corresponding to the 
location of the users interaction. This increased capacitance 
introduces a reduced impedance path at the location of the 
users interaction and will incur a change in the signal being 
provided to a particular row or column. By providing a signal 
to each of the rows and columns of the conductive pattern of 
the touchscreen and by detecting for any change in those 
Successively applied signals, the location of the users inter 
action with the touchscreen may be determined. 

Therefore, by detecting a change in a signal provided to a 
particular row and also by detecting a change in a signal 
provided to a particular column, an intersection of the iden 
tified row and column can provide a calculated estimate of the 
location of the user's interaction with the touchscreen. 

For each of the cross point detection and the Zone detection 
approaches of the previous embodiments, the application of 
signals need not be purely successive in nature. For example, 
a signal need not necessarily be applied to row 1, then to row 
2, then to row 3, etc. Alternatively, a signal may be applied to 
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8 
row 1, then to row 8, then to row 2, etc. In even another 
embodiments, a signal may be applied initially to every Nth 
row (where N is an integer), and then the signal may be 
applied to every row between 1 and N-1, then to rows N+1 to 
2N-1, etc. A wide variety of scanning techniques may be 
performed in accordance with either of the cross point detec 
tion and the Zone detection approaches of the previous 
embodiments. 
As referenced above, prior art conductive patterns as 

employed within a touchscreen are often composed of dis 
crete diamond shaped touch areas that are connected together. 
A linear movement of a users interaction with a touchscreen 
across the active area of the touchscreen with the prior art 
conductive patterns inherently introduces non-linearity in the 
signal response of signals used to detect such users interac 
tion. Ideally, the signal response would be as Smooth and 
linear as possible, but prior art conductive patterns simply 
cannot provide for Such a smooth and linear response. 
Because larger the pitch typically exists between conductors 
within a prior art conductive pattern, the number of different 
pads below the contact point is reduced and thus provides a 
“stair step’ response in relation to the user's movement or 
location identification. This further exacerbates the deleteri 
ous effects inherent to the prior art discrete diamond shaped 
patterns employed within prior art touchscreens. This “stair 
stepping of the output of a signal employed to detect such a 
users interaction with the touchscreenthus is a function, with 
prior art designs, of the size of the diamond shaped touch 
areas. Increasing touch area size to correspond with the 
increases in pitch also produces an energy non-uniformity 
(e.g., extending normal to the Surface of the touchscreen or in 
the Z-axis direction if the X and y axes are deemed to be the 
touchscreen Surface) between rows and columns that makes it 
more difficult to set touch/no-touch thresholds withina touch 
screen system. 
Embodiments of the novel touchscreen architecture pre 

sented herein, and equivalents thereof, provide a Smoother 
and more linear response to a users interaction with a touch 
screen including the instance when the users interaction 
moves across the Surface of the touchscreen even in a diago 
nal direction. In one embodiment, such a novel touchscreen 
uses an elongated intermeshed pattern in which a conductor 
has extensions or protrusions into an adjacent conductor 
thereby increasing the affect of linear meshing between those 
conductors. Thus, FIG. 2 and FIG. 3 exemplify scanning 
methodologies that may be employed with the conductive 
patterns and embodiments of the invention. 

FIG. 4A illustrates an embodiment 400a of a conductive 
pattern (e.g., indium tin oxide (ITO) as may be deposited on 
a Substrate composed of polyester or other material) as 
employed in a touchscreen. In embodiment 400a, it can be 
seen that a plurality of conductors (e.g., either rows or col 
umns) of a conductive pattern of a touchscreen each include a 
number of areas (e.g., shown as diamonds in this particular 
embodiment, though any desired shape could alternatively be 
employed—such as circle, a triangle, an ellipse, a rectangle, a 
square, any other shape or any combination of shapes). These 
areas of a particular conductor may be coupled together using 
the same conductive material of which the areas are con 
structed (e.g., ITO). Alternatively, bond wires, via, or some 
other means may be employed to connect the areas of a 
conductor together. 

In this embodiment 400a, three separate conductors are 
shown as spanning a width of X (which may be any desired 
number characterized in any desired unit of length/distance 
measurement). A user's finger is shown as interacting with 
these particular conductors of the conductive pattern of the 
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touchscreen, and it can be seen that the user's finger spans a 
number of conductors (i.e., the user's finger touches multiple 
areas of multiple conductors). 

FIG. 4B illustrates an embodiment 400b of a scaled con 
ductive pattern as employed in a touchscreen (e.g., as used in 
a larger touchscreen than that of FIG. 4A). One approach to 
allow the use of existent touchscreen technology for larger 
touchscreens (e.g., those reaching up to 12" diagonal or even 
larger) is to scale the design of the embodiment of 400a in an 
effort to cover a much larger area. In other words, the very 
same design is employed as in embodiment 400a except using 
with conductors having larger areas and being spaced apart in 
accordance with similar Scaling by which the size of the areas 
of the conductors are scaled. In this embodiment, the size of 
the touchscreen in embodiment 400b is scaled by a factor of 
N when compared to the size of the touchscreen in embodi 
ment 400a. 

Generally speaking, a human finger may be viewed as 
having a width in the range of 5 mm (e.g., for a child or very 
Small person) to up to 12-15 mm (e.g., for an adult or larger 
person). As can be seen, when the areas of the conductor are 
scaled a Sufficient amount, they become even bigger than a 
particular area of a particular conductor. When a user touches 
anywhere within Such a large area of a conductor, then it is 
difficult or impossible to discern where within that particular 
area the finger actually is. As such, the ability to identify the 
particular location of a users touch becomes far less precise, 
and touch's location may be mis-calculated and/or missed 
altogether. 

FIG. 5A illustrates an embodiment 500a of a column or 
row of a conductive pattern, as employed in a touchscreen, 
that includes multiple areas. In this embodiment 500a, a 
single conductor includes areas and extended areas. For 
example, area 502 is coupled to two extended areas 501 and 
503. A single input/output connection (I/O) provide a signal 
to area 502, and the signal may then be partitioned into as 
many as three components (i.e., one signal component that is 
provided directly to the area below area 502 as shown by 
connection/path 510, a second signal component that is pro 
vided from area 502 to area 503 and then downward from area 
503 as shown by connection/path 510b, and a third signal 
component that is provided from area 502 to area 501 and 
then downward from area 501 as shown by connection/path 
510a). 
By providing areas and extended areas for a particular 

conductor, current of a signal provided into the I/O at the top 
of the diagram may be distributed into i1, i2, and i3. After 
passing through all possible paths of the conductor, the cur 
rent output at a bottom I/O is shown as the sum of i1, i2, and 
i3. Certain of the connections between areas and extended 
areas are dotted lines, and these dotted lines may or may not 
include connections. 

It is noted that the embodiment 500a corresponds to one 
single conductor (e.g., as may be implemented in a "row' or 
“column” of a conductive pattern of a touchscreen). There 
fore, as can be seen, a designer has great flexibility in select 
ing which areas and extended areas may be employed within 
a particular conductor. By employing more paths through 
which a signal may pass, overall impedance of this particular 
conductor within the conductive pattern is decreased. 

FIG. 5B illustrates an embodiment 500b of complementa 
rily aligned columns and rows of a conductive pattern as 
employed in a touchscreen. This embodiment 500b shows a 
first conductor aligned in a first direction and a second con 
ductor aligned in a second direction. 

Again, it is noted that within a conductive pattern of a 
touchscreen, a first conductoraligned in a first direction and a 
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10 
second conductor aligned in a second direction may be co 
planar (i.e., on a same plane within the touchscreen), or they 
may be on separate planes or layers within the touchscreen 
(e.g., Such as separated by a dielectric material). 

This embodiment depicts two parallel groups of areas con 
nected to form one single “row'. As can be seen, a single I/O 
is provided on the left hand side of the row, and there are two 
areas (or one area and one extended area) to which the signal 
may pass. Continuing to the right within the diagram, the 
areas of the conductor are connected together so that there are 
multiple paths through which the signal may pass. Again, 
certain of the areas (per design choice) may not be connected 
directly together (e.g., as shown by dotted lines). 

Similarly, this embodiment depicts two parallel groups of 
areas connected to form one single “column. As can be seen, 
a single I/O is provided on the top of the column, and there are 
two areas (or one area and one extended area) to which the 
signal may pass. Continuing down through the diagram, the 
areas of the conductor are connected together so that there are 
multiple paths through which the signal may pass. Again, 
certain of the areas (per design choice) may not be connected 
directly together (e.g., as shown by dotted lines). 

FIG. 6 illustrates another embodiment 600 of complemen 
tarily aligned columns and rows of a conductive pattern as 
employed in a touchscreen. This embodiment is somewhat 
analogous to the previous embodiment, except that a different 
number of parallel groups of areas are employed to form a row 
than the number of parallel groups of areas that are employed 
to form a column. For example, two parallel groups of areas 
connected to form one single “column', and three parallel 
groups of areas connected to form one single “row'. A 
designer can employ any desired number of groups of areas to 
form a single “column” or “row' without departing from the 
scope and spirit of the invention. Moreover, the selected 
groups of areas need not be adjacent, parallel groups of areas 
in certain embodiments. 

FIG. 7 illustrates another embodiment 700 of complemen 
tarily aligned columns and rows of a conductive pattern, as 
employed in a touchscreen, that include extended areas. This 
conductive pattern may be employed within a touchscreen to 
assist in the detection of a touch point. One problem with 
having a relatively low number of shaped areas for sensing 
touch in relation to the size of the screen is either a touch may 
not be detected, its location may not be detected accurately, 
or, if the finger is moving and the contact area moves from 
region to region, a stair step pattern emerges even if the 
movement of the finger comprises a Smooth curve or line. 
Accordingly, FIG. 7 illustrates a pattern for a conductor that 
defines a plurality of shaped areas that facilitate determine a 
touch location more accurately without increasing the num 
ber of sensing lines. As may be seen, FIG. 7 specifically 
shows a vertical sensing line and a horizontal sensing line, 
each of which includes a plurality of shaped areas. 
The horizontally and vertically disposed sensing lines 

shown generally at 700 include a first conductor 704 that is 
arranged horizontally as a row and a second conductor 708 
that is arranged vertically as a column. Each of the conductors 
704 and 708 include shaped voids and a plurality of shaped 
areas that are conductive. More specifically, conductor 704 
includes what is shown as voids in the row conductor, Voids in 
the column conductor, shaped areas of row conductor, and 
shaped areas of column conductor. Additionally, as may be 
seen, areas of overlap for embodiments in which the first and 
second conductors 704 and 708 are disposed on separate 
planes are shown as coupling overlaps. 
One aspect of the first and second conductors 704 and 708 

is that the pattern of conductive shaped areas and voids of the 
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first conductor 704 are substantially complementary with the 
conductive shaped areas and Voids of the second conductor 
708. Stated differently, avoid of first conductor 704 is axially 
aligned with a conductive shaped area of second conductor 
708 that is sized and shaped similarly to the void to reduce 
overlap and capacitive effects from overlap. Similarly, a con 
ductive area of first conductor 704 is axially aligned with a 
void of second conductor 708 that is sized and shaped simi 
larly but to avoid or reduce overlap. Utilizing the shaped 
patterns of conductive areas and voids facilitates different 
signal responses for a touch which therefore Support more 
accurate interpolation to determine a touch location. It should 
be noted that these complementary patterns intentionally 
have some slight overlap to Support electromagnetic or 
capacitive coupling especially when a touch occurs. 

Using a shaped area pattern as shown in FIG. 7 provides 
improved meshing from row to row and column to column 
and Supports the calculation of an interpolated position which 
is more accurate and therefore provides a smoother pattern 
that corresponds to the movement of the finger. The use of 
larger pitch to reduce the number of lines for sensing touch, 
however, reduces the number of different pads below the 
contact point and thus reduces the meshing. Thus, the stair 
step pattern that represents movement of the touch results 
even for an interpolated output as the meshing decreases. This 
also produces a Zenergy (e.g., along the Z axis)) non-unifor 
mity between rows and columns which makes it more difficult 
to set touch/no-touch thresholds. Thus, an embodiment such 
as that shown in FIG. 7 that improves meshing improves 
location interpolation. 
The embodiment in FIG. 7 includes a modified diamond 

pattern with openings and extensions that increase meshing 
under the touch for a given number of rows or columns of 
sensing lines. The openings and extensions can be formed 
from any shape (diamonds, circles, etc). In the described 
embodiment, diamonds are used because they produce the 
best linear meshing on the horizontal and Vertical axis. The 
design is such that the pattern can be used for the row and 
columnarranged first and second conductors 704 and 708 and 
will interlock in a manner in which the extensions of the row 
oriented first conductor 704 fill the openings of the column 
oriented second conductor 708, and conversely, the exten 
sions of the column oriented second conductors 708 fill the 
openings of the row oriented first conductor 704. 

Meshing as shown in FIG. 7 increases interpolation accu 
racy as the effective diamond pad size is reduced (e.g., cut in 
half). In the area on the simple diamond pattern where the user 
touch would be mostly connecting first and second conduc 
tors 704 and 708, there is a 50% distribution to both row and 
column. This greatly increases the uniformity of the data for 
movement. Thus, stair stepping is greatly reduced as the 
number of shaped areas under the finger is increased and there 
are no longer "large steps” in the pattern itself even if a screen 
size is increased while a number of sensing lines is not com 
mensurately increased. 
The overlap area of the simple diamond pattern is kept 

Small to reduce Stray capacitance but must be large enough to 
keep the diamond to diamond resistance Small for a conductor 
such as conductors 704 and 708. The present embodiment of 
FIG. 7 has five potential overlapped areas (center area and 
four sides of center area). A minimum of three overlapped 
areas is desirable (e.g., center area and two side areas) or a 
combination of four overlapped areas (no center area and four 
side areas) may be used. These combinations allow for more 
flexibility in the design. For example the center area could be 
made with smaller overlap than the current diamond technol 
ogy (even though doing so results in increased resistance) 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
wherein the sides allow for connection of the extension con 
ductors and at the same time lower the diamond to diamond 
resistance. The stray capacitance of the combinations can be 
made to match the single connection technology. 
The pattern of FIG. 7 is fractal in nature and the intermesh 

ing may be designed to a much smaller scale than is shown in 
FIG. 7. This embodiment of the invention is expected to assist 
in the meshing from 4 mm pitch up to about 24 mm pitch. 
Larger sizes may desirably include or require a different 
pattern that allows more row to row interlocking and column 
to column interlocking. Such a pattern contains aspects of the 
present invention and is considered to be another embodi 
ment. While the above description is made in terms of solving 
sensing problems for larger screens, the same principles 
could be applied and are relevant to Smaller screen sizes that 
require higher resolution. 
Much of the discussion regarding interlocking or meshing 

is in terms of interaction or structural arrangements between 
a first conductor oriented in a first direction and a second 
conductor oriented in a second direction. The first and second 
directions need not be horizontal and vertical. The example of 
horizontally directed and vertically directed conductors or 
sensing lines is for simplifying figures and associated expla 
nations. More generally, the first and second conductors are 
merely directed in different directions. 

Interlocking or meshing may also occur between rows of 
first conductors 704 and/or between columns of second con 
ductors 708 in a similar fashion described above. Generally, a 
more interlocking conductive pattern provides a higher inter 
polated resolution between adjacent rows, adjacent columns, 
and between rows and columns. This pattern of FIG. 7, how 
ever, illustrates the interlocks first conductor 704 that is hori 
Zontally arranged in a row to the second conductor 708 that is 
Vertically arranged in a column to Smooth the Z axis energy. 
FIG. 7 also helps mesh the row to row and column to column 
conductors 704 and 708 by making the edges more uniform, 
but it does not provide interlocking between row oriented 
conductors or between column oriented conductors. Such 
interlocking between conductors oriented in a first direction 
with each other and conductors oriented in a second direction 
with each other is included in alternate embodiments of the 
invention. 
The patterning of FIG. 7 allows the user's finger to more 

evenly couple to the rows and columns at any given pitch. The 
prior art diamond pattern only works when the diamonds are 
very small relative to the contact pad of the user. For about an 
8 mm pitch, the diamond shaped areas are too large for the 
typical user and the output data begins to show non-uniform 
output with a stair step pattern based on the position of the 
contact area in relation to the location of the diamond shaped 
areas even if the user finger is moving in a smooth continuous 
line or even in a straight line that is not vertical or horizontal 
in orientation (or, more specifically, parallel to a sensing line). 
The shaped areas of the first and second conductors 704 

and 708 of the embodiment of the present invention can be 
adjusted by increasing or decreasing the openings and exten 
sions. The openings in a row reduce the pad area for the row. 
In one embodiment, the openings, in relation to the shaped 
areas of the first or second conductors 704 and 708, are set at 
a 50-50 ratio. Stated differently, for an overall surface area of 
either first conductor 704 or second conductor 708, approxi 
mately 50% of the area comprises conductor material and 
approximately 50% of the area comprises open areas or Voids 
that are defined by the shape and arrangement of the first or 
second conductors. 
Of course, it is noted that different percentages could alter 

natively be employed as desired (e.g., approximately 70% of 
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the area comprises conductor material and approximately 
30% of the area comprises open areas or Voids, approximately 
30% of the area comprises conductor material and approxi 
mately 70% of the area comprises open areas or Voids, or any 
other ratio of conductor material to open areas or Voids as a 
designer may choose which may generally be referred to as X 
% conductor material to (100-X) '% of open areas or voids, 
where X is a designer selected parameter greater than 0 and 
less than 100). 

FIG. 8A illustrates an embodiment 800a of a column (or 
row) of a conductive pattern, as employed in a touchscreen, 
that include hole portions complementarily aligned and filled 
by a row (or column). 

FIG. 8B illustrates another embodiment 800b of a column 
(or row) of a conductive pattern, as employed in a touch 
screen, that include hole portions complementarily aligned 
and filled by a row (or column). 

FIG. 8A and FIG. 8B illustrate shaped relationships 
between conductive shaped areas and voids. In the embodi 
ments of FIG. 8A and FIG. 8B, in relation to FIG. 7, the ratio 
of conductive shaped areas to Voids changes according to the 
type of shaped area. For example, the conductive areas about 
the diamond shaped voids 804a of FIG.8A (wherein the voids 
are defined by the Surrounding shaped areas) are substantially 
larger than the diamond shaped voids 804b of FIG. 8B. Con 
versely, the “V” shaped voids 808b of FIG. 8B are substan 
tially larger than the “V” shaped voids 808a of FIG. 8A. 
Overlapping areas of FIG. 8A and FIG. 8B may be wider, 
therefore, than what is shown in FIG. 7. For certain signal 
types and detection circuits, however, the effects of the 
increased capacitive effects (if any) may be more tolerable. 

FIG. 9 illustrates an embodiment 900 of a column and a 
row of a conductive pattern, as employed in a touchscreen, 
that include an extended area complementarily aligned with a 
hole of another area. This diagram illustrates a first conductor 
in a first direction and a second conductor in a second direc 
tion with an extended area of the second conductor meshing 
with a shaped area of the first conductor according to one 
embodiment of the invention. While the first and second 
conductors are shown to be vertically and horizontally 
aligned, respectively, it should be understood that the first and 
second directions of the first and second conductor align 
ments are not required to be vertical and horizontal, respec 
tively. Additionally, the first and second directions are not 
required to be orthogonal even though an orthogonal direc 
tion is shown. As may be seen, the first conductor comprises 
a single column that includes a first area (shaped area) and a 
second conductor that comprises a single row that includes a 
second area. An extended second area is coupled to the second 
area and is meshed or interlaced with the first area. As may be 
seen, the first area includes avoid or hole defined by the shape 
of the conductive first area. The extended second area is 
complementary with and has little or no overlap with the void 
defined by the first area. In the example of FIG.9, the first and 
second conductors may be coplanar or they may be disposed 
in different planes. In an embodiment in which the first and 
second conductors are disposed in different planes, a dielec 
tric material is used (though other materials may be used) to 
separate the planes of the first and second conductors. 

FIG. 10 illustrates an embodiment 1000 of a column and a 
row of a conductive pattern, as employed in a touchscreen, 
that include an extended area complementarily aligned with a 
notch of another area. This diagram illustrates a first conduc 
tor in a first direction and a second conductor in a second 
direction with an extended area of the second conductor 
meshing with a shaped area of the first conductor according to 
one embodiment of the invention. While the first and second 
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14 
conductors are shown to be vertically and horizontally 
aligned, respectively, it should be understood that the first and 
second directions of the first and second conductor align 
ments are not required to be vertical and horizontal, respec 
tively. Additionally, the first and second directions are not 
required to be orthogonal even though an orthogonal direc 
tion is shown. 
As may be seen, the first conductor comprises a single 

column that includes a first area (shaped area) and a second 
conductor that comprises a single row that includes a second 
area. An extended second area is coupled to the second area 
and is meshed or interlaced with the first area. As may be seen, 
the first area includes a void or notched area defined by the 
shape of the conductive first area. The extended second area is 
complementary with and has little or no overlap with the void 
or notch defined by the first area. In the example of FIG.9, the 
first and second conductors may be coplanar or they may be 
disposed in different planes. In an embodiment in which the 
first and second conductors are disposed in different planes, a 
dielectric material is used (though other materials may be 
used) to separate the planes of the first and second conductors. 

FIG. 11 illustrates an embodiment 1100 of a column and a 
row of a conductive pattern, as employed in a touchscreen, 
that include various extended areas. This diagram illustrates a 
single conductor in a first direction having a plurality of 
extended areas that may be meshed with at least one of an 
adjacent and similarly aligned first conductor or with a sec 
ond conductor (not shown) that is aligned in a second direc 
tion. Each of the plurality of extended areas in the embodi 
ment of FIG. 11 includes a plurality of coupled shaped areas. 
In FIG. 11, the shaped areas are diamond shaped areas. One 
point to observe about the pattern of the single conductor is 
that the shaped areas may define an irregular pattern or topol 
ogy. An irregular pattern that is similar to that of FIG. 11 will 
more likely be used in a configuration in which the first and 
second conductors are not coplanar. Other irregular patterns, 
however, may betterfacilitate a coplanar configuration of first 
and second conductors. 

FIG. 12A and FIG.12B illustrate embodiments 12.00a and 
1200b, respectively, of multiple columns and rows of a con 
ductive pattern, as employed in a touchscreen, that include 
various extended areas. Particularly, FIG. 12A and FIG. 12B 
are exemplary diagrams of alternate meshed relationships of 
similarly aligned conductors. FIG. 12A illustrates parallel 
first conductors 1204a and 1208a shown generally at 12.00a. 
FIG.12B illustrates parallel first conductors 1204b and 1208b 
shown generally at 1200b. Small darkened ovals are shown to 
represent shaped areas that can have any defined shape 
including, as discussed before, diamond shaped areas. In FIG. 
12A, first conductors 1204a and 1208a each have extended 
areas that are disposed in a symmetrically opposed arrange 
ment in relation to a corresponding shaped area that is dis 
posed in an axial center of the first conductors 1204a and 
1208b. Further, the extended areas of first conductors 1204a 
and 1208a are meshed or interlaced. 

Again, FIG.12B illustrates parallel first conductors 1204b 
and 1208b shown generally at 1200b. Small darkened ovals 
are shown to represent shaped areas that can have any defined 
shape including, as discussed before, diamond shaped areas. 
In FIG.12B, first conductors 1204b and 1208b have extended 
areas that are disposed in a non-symmetrically opposed 
arrangement in relation the axial center of the first conductors 
1204b and 1208b. It should be noted that the number of 
shaped areas (not the extended shaped areas) that are disposed 
along the axial center of the first conductors are twice as 
numerous as the shaped areas of FIG. 12A as there is one 
shaped area for every extended shaped area. In FIG. 12A, 
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there were two extended areas for each shaped area. Further, 
the extended areas of first conductors 1204b and 1208b are 
meshed or interlaced. 

FIG. 13A and FIG. 13B illustrate embodiments 1300a and 
1300b, respectively, of multiple columns and rows of a con 
ductive pattern, as employed in a touchscreen, that include 
various extended areas. These diagrams show alternate pat 
terns for shaped areas and extended shaped areas for first and 
second axially aligned conductors that are meshed or inter 
laced with each other. In general, FIG. 13A is presented to 
illustrate that patterns of shaped areas in relation to extended 
shaped areas can vary Substantially and that no particular 
numerical ratio need exist between shaped areas and extended 
shaped areas. In FIG. 13A, 2 shaped areas correspond to 4 
extended shaped areas. In contrast, FIG. 12A shows 1 shaped 
area corresponding to 2 corresponding extended shaped 
areas. In FIG. 12B, 1 shaped area corresponds to 1 corre 
sponding extended shaped area. FIG. 13B is presented to 
illustrate that an extended shaped area may even be extended 
beyond an axial center of an adjacent conductor that is simi 
larly directed (same axial direction). 

FIG. 14 illustrates an embodiment 1400 of multiple col 
umns and rows of a conductive pattern, as employed in a 
touchscreen, that include various extended areas of various 
shapes. This diagram illustrates a variety of extended shaped 
area patterns and complementary voids that are axially 
aligned with the extended shaped area for first and second 
conductors that are orthogonal relative to each other accord 
ing to various embodiments of the invention. It may be seen 
that the extended shaped areas may be in the shape of a 
square, rectangle, circle, eclipse or other known shape. The 
corresponding voids may also have the shape of a square, 
rectangle, circle, eclipse or other known shape. In one 
embodiment, the extended area has a shape that is different 
from the corresponding void. More specifically, for the pat 
tern shown generally b embodiment 1400, a first conductor 
1404 includes a plurality of shaped areas and a second con 
ductor 1408 includes a plurality of shaped areas that are 
interlaced with shaped areas of first conductor 1404. For one 
embodiment, the shaped areas of either conductor 1404 or 
1408 (or both) may include (form) a void 1412 shaped dif 
ferently from extended area 1416 which is extended from 
another conductor (e.g., from 2" conductor for a shaped area 
of 1 conductor and vice versa). Here, void 1412 is square 
while extended area 1416 is circular. For those embodiments 
in which the extended shaped area and corresponding Void 
have a similar shape, the sizing of each includes only a slight 
overlap or no overlap. Thus, for example, void 1420 and 
extended area 1424 are similarly shaped and are complemen 
tary with no overlap. Alternately, void 1420 and extended area 
1424 may slightly overlap, especially if the first and second 
conductors are disposed on different planes to facilitate 
capacitive or signal coupling between the conductors when a 
touch occurs. 

FIG.15A illustrates an embodiment 1500a of placement of 
conductive patterns within a touchscreen. As may be seen, the 
top layer of first conductors (e.g., as disposed as a top layer of 
the touchscreen) may be directly touched by a user when 
interacting with the touchscreen. As may further be seen, a 
dielectric layer separates the first and second layers of con 
ductors (plurality of first and second conductors, respec 
tively). The dielectric layer may be implemented any known 
dielectric including but not limited to air, semiconductor 
materials including SiO, polymer Substrate materials, bond 
materials, etc. 

FIG. 15B illustrates an alternative embodiment 1500b of 
placement of conductive patterns within a touchscreen. Spe 
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16 
cifically, an additional touchscreen Surface layer (e.g., a poly 
mer layer, a protective layer, or otherwise) is disposed on top 
of the top layer of conductors such that a user does not directly 
touch the top layer of conductors. Any known material for 
forming a touchscreen Surface that allows user interaction 
with the plurality of first and second conductors as described 
herein may be used. 

FIG. 16A illustrates an alternative embodiment 1600a of 
placement of conductive patterns within a touchscreen. This 
embodiment 1600a shows conductors aligned in different 
directions that are implemented on a common layer or level 
within a touchscreen. The various areas of these conductors 
on this common layer can be connected together using Vias, 
bond wires, etc. to ensure that conductors in a first direction 
(e.g., the columns) do not directly come into contact with 
conductors in a second direction (e.g., the rows). As may be 
seen, the first conductors and second conductors (e.g., as 
disposed as a common, top layer of the touchscreen) may be 
directly touched by a user when interacting with the touch 
SCC. 

FIG. 16B illustrates an alternative embodiment 1600b of 
placement of conductive patterns within a touchscreen. This 
embodiment 1600b also shows conductors aligned in differ 
ent directions that are implemented on a common layer or 
level within a touchscreen. Again, the various areas of these 
conductors on this common layer can be connected together 
using vias, bond wires, etc. to ensure that conductors in a first 
direction (e.g., the columns) do not directly come into contact 
with conductors in a second direction (e.g., the rows). An 
additional touchscreen Surface layer (e.g., a polymer layer, a 
protective layer, or otherwise) is implemented on top of the 
layer or level of the touchscreen of which first conductors and 
second conductors are disposed. Any known material for 
forming a touchscreen Surface that allows user interaction 
with the plurality of first and second conductors as described 
herein may be used. 

FIG. 17 illustrates an embodiment 1700 of a pair of con 
ductors and associated signal responses from adjacent con 
ductors of a conductive pattern. For exemplary purposes, 
FIG. 17 employs conductors having areas and extended areas 
(e.g., using conductive patterns analogous to the embodi 
ments of FIG. 7, FIG. 8A, FIG. 8B) in accordance with the 
principles discussed herein. It is of course noted that any 
conductor shape, pattern, etc. can be employed within the 
embodiment 1700. 

In prior art systems, an axial position corresponds to the 
axis of a contacted conductor. Here, however, because of the 
use of areas and extended areas within various conductors, a 
users interaction with the touchscreen (e.g., contact point) 
can provide differing amounts of contact with the various 
conductors. As may be seen in FIG. 17, the contact point 
illustrates that the contacted area of the spur of conductor 
1704a is substantially greater than the contacted area of the 
spur of conductor 1704b. Accordingly, a signal response of 
conductor 1704a as shown at 1708a is substantially greater 
than a signal response of conductor 1704b as shown at 1708b. 
As will be discussed below, the signal responses 1708a can be 
compared to 1708b to determine an interpolated axial posi 
tion as shown in FIG. 17. 

FIG. 18 illustrates an alternative embodiment 1800 of sig 
nal responses from adjacent conductors of a conductive pat 
tern. Again, for illustrative purposes, FIG. 18 employs con 
ductors having areas and extended areas (e.g., using 
conductive patterns analogous to the embodiments of FIG. 7, 
FIG. 8A, FIG. 8B) in accordance with the principles dis 
cussed herein. It is of course noted that any conductor shape, 
pattern, etc. can be employed within the embodiment 1800. 
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As may be seen, the contact point illustrates that the con 
tacted area of the conductor 1804a is substantially equal to the 
contacted area of the conductor 1804b. Accordingly, a signal 
response of conductor 1804a as shown at 1808a is substan 
tially equal to a signal response of conductor 1804b as shown 
at 1808b. As will be discussed below, the signal responses 
1808a can be compared to 1808b to determine an interpolated 
axial position as shown in FIG. 18. As is suggested in FIG. 18. 
the interpolated axial position is the middle of the separation 
between the axial centers of conductors 1804a and 1804b. 

FIG. 19 illustrates an embodiment 1900 of a signal detec 
tion module. In this embodiment 1900, the signal detection 
module can be implemented using any of the previous 
embodiments described herein (e.g., as depicted by reference 
numeral 220 in FIG. 2 or 310 in FIG.3). Generally, the signal 
detection module of embodiment 1900 include a signal com 
parison module 1910, a location interpolation module 1920 
and a mapping table 1930 that includes a mapping of response 
signal differences in relation to axial positions. The axial 
positions are the interpolated axial positions. Generally, Sig 
nal comparison module 1910 compares the signal responses 
as illustrated in FIGS. 17 and 18 and determines a difference. 
For example, a difference may be described in terms of a 
percentage of the signal response of one conductor in relation 
to the other conductor. The differences may also be described 
in terms of absolute measurements (e.g., volts or amps). 

Based on the determination of signal comparison module 
1910, location interpolation module is operable to determine 
the interpolated axial position of a touch. This may be done 
through an algorithm that computes the position or by com 
municating with mapping table 1930 to obtain a mapped 
result for a detected difference in signal responses. In one 
embodiment, table 1930 specifies a range of differences for 
each interpolated position value. Thus, for example, if there 
are two hundred interpolated positions, each position may 
define a range of /2 of 1% of difference values. The different 
ranges may be specified in numerical values of a device or 
signal characteristic or in terms of relative differences (e.g., 
percentages as shown). 

FIG. 20A and FIG.20B illustrate embodiments 2000a and 
2000b, respectively, of substantially complementary and sub 
stantially non-complementary overlap of conductors within a 
conductive pattern, respectively. Referring to embodiment 
2000a of FIG. 20A, it may be seen that a first conductor 
overlaps a second conductor by an amount shown as the 
overlap area. The amount of area for which there is no overlap 
between the first and second conductors is substantially 
greater than the overlap area. Accordingly, it may be stated 
that the first and second conductors are substantially comple 
mentary. If there is no overlap area (e.g., the first and second 
conductors are perfectly aligned), then they are complemen 
tary. Generally, the overlap is kept to a minimal amount to 
minimize capacitive coupling between the first and second 
conductors. 

Referring to embodiment 2000b of FIG.20B, however, the 
amount of overlap area therein is much greater and the over 
lapped space of embodiment 2000a, and it may be stated that 
the first and second conductors are substantially non-comple 
mentary. Generally, the first and second conductors are 
complementarily aligned when the overlap area is approxi 
mately 10 percent or less of an area of a first or second 
conductor. A non-complementary overlap or alignment is one 
in which the overlap is greater than the complementary over 
lap (e.g., greater than 10 percent overlap). Clearly, other 
percentages and definitions may be employed to define con 
straints of non-complementary overlap and complementary 
overlap (e.g., greater than or less than 5%, 3%, etc.). 
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FIG.21A and FIG.21B illustrate alternative embodiments 

2100a and 2100b, respectively, of substantially complemen 
tary and Substantially non-complementary overlap of con 
ductors within a conductive pattern, respectively. Referring to 
embodiment 2100a of FIG. 21A, it may be seen that a first 
conductor is separate from a second conductor by an amount 
shown as the Small gap area. The amount of area for which 
there is a small gap area between the first and second conduc 
tors may be as Small as the processing means employed to 
place the conductors on layers of the touchscreen. Accord 
ingly, it may be stated that the first and second conductors are 
Substantially complementary. If there is no gap area at all 
(e.g., the first and second conductors are perfectly aligned), 
then they are complementary. 

Referring to embodiment 2100b of FIG.21B, however, the 
size of the gap area is relatively larger than that of the previous 
embodiment, and it may be stated that the first and second 
conductors are substantially non-complementary. Again, 
generally, the first and second conductors are complementa 
rily aligned when the overlap area is approximately 10 per 
cent or less of an area of a first or second conductor. A 
non-complementary overlap or alignment is one in which the 
overlap is greater than the complementary overlap (e.g., 
greater than 10 percent overlap). Clearly, other percentages 
and definitions may be employed to define constraints of 
non-complementary overlap and complementary overlap 
(e.g., greater than or less than 5%, 3%, etc.). 
FIG.22A and FIG.22B illustrate alternative embodiments 

2200a and 2200b, respectively, of substantially complemen 
tary and Substantially non-complementary overlap of con 
ductors within a conductive pattern, respectively, that are 
implemented on a same level (or layer) within a touchscreen. 
Each of the embodiment 2200a and the embodiment 2200b 
shows conductors aligned in different directions that are 
implemented on a common layer or level within a touch 
screen. The various areas of these conductors on this common 
layer can be connected together using vias, bond wires, etc. to 
ensure that conductors in a first direction (e.g., the columns) 
do not directly come into contact with conductors in a second 
direction (e.g., the rows). 

Referring to embodiment 2200a of FIG. 22A, it may be 
seen that a first conductoris separate from a second conductor 
by an amount shown as the Small gap area. The amount of area 
for which there is a small gap area between the first and 
second conductors may be as Small as the processing means 
employed to place the conductors on layers of the touch 
screen. Accordingly, it may be stated that the first and second 
conductors are Substantially complementary. If there is no 
gap area at all (e.g., the first and second conductors are per 
fectly aligned), then they are complementary. 

Referring to embodiment 2200b of FIG.22B, however, the 
size of the gap area is relatively larger than that of the previous 
embodiment, and it may be stated that the first and second 
conductors are substantially non-complementary. Again, 
generally, the first and second conductors are complementa 
rily aligned when the overlap area is approximately 10 per 
cent or less of an area of a first or second conductor. A 
non-complementary overlap or alignment is one in which the 
overlap is greater than the complementary overlap (e.g., 
greater than 10 percent overlap). Clearly, other percentages 
and definitions may be employed to define constraints of 
non-complementary overlap and complementary overlap 
(e.g., greater than or less than 5%, 3%, etc.). 

FIG. 23 illustrates an embodiment 2300 of a method for 
determining an interpolated axial position. The method oper 
ates by receiving a first signal or signal response from a first 
conductor, as depicted in block 2310 and receiving a second 
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signal or signal response from a second conductor as depicted 
in block 2320. Thereafter, the method includes processing the 
first and second signal or signal responses to identify a user's 
relative interaction with the first and second conductors to 
determine an interpolated axial position in block 2330. Such 
processing can be as illustrated, for example, in either 
approach suggested in FIG. 23 Such that the interpolated 
position is calculated or is determined by evaluating a 
detected difference in relation to a mapping table. 

While certain of the described embodiments presented 
herein illustrate a relatively small number of aligned conduc 
tors. It should be understood that a touchscreen may have a 
different number of conductors (e.g., a Substantially greater 
numbers of first and second conductors) aligned in first and 
second directions. The figures only show a few conductors in 
each figure to simply the explanation for the reader and to all 
the conductors to be drawn in a larger scale to Support the 
associated descriptions. 
As one of average skill in the art will appreciate, the term 

“substantially' or “approximately”, as may be used herein, 
provides an industry-accepted tolerance to its corresponding 
term. Such an industry-accepted tolerance ranges from less 
than one percent to twenty percent and corresponds to, but is 
not limited to, component values, integrated circuit process 
variations, temperature variations, rise and fall times, thermal 
noise, and/or other parameters. Moreover, references Sub 
stantially covering an active Surface area of a touchscreen can 
be as much as that which is allowed by the processing and 
manufacturing means employed to make the touchscreen 
(i.e., placing adjacent conductors as close to one another as 
possible using Such means). In one embodiment, the closest 
that conductors are placed together is 40 microns using one 
presently available technology. 

Alternatively, it is noted that a particular designer selected 
value (e.g., 90%. 95%, or other value) may correspond to 
Substantially covering an active Surface area of a touchscreen. 
Analogously, references to Substantially complementary 
overlap and/or Substantially non-complementary overlap 
may be likewise understood by the reader to be within such or 
tighter tolerances. For example, the Substantially comple 
mentary overlap may be that which is limited by the process 
ing and manufacturing means employed to make the touch 
screen. Alternatively, a particular designer selected value 
(e.g., 1%. 5%, or other value) may correspond to Substantially 
complementary overlap. As such, Substantially non-comple 
mentary overlap may be any overlap that is different than 
Substantially complementary overlap (e.g., greater than a 
value associated with Substantially complementary overlap). 
Moreover, Such references herein to approximately may also 
be construed in accordance with Such principles. 

It is noted that the various modules, blocks, elements or 
circuit devices described herein (e.g., signal generation mod 
ule, signal detection module, signal generation/detection 
module, etc.) may be a single processing device or a plurality 
of processing devices. Such a processing device may be a 
microprocessor, micro-controller, digital signal processor, 
microcomputer, central processing unit, field programmable 
gate array, programmable logic device, state machine, logic 
circuitry, analog circuitry, digital circuitry, and/or any device 
that manipulates signals (analog and/or digital) based on 
operational instructions. The operational instructions may be 
stored in a memory. The memory may be a single memory 
device or a plurality of memory devices. Such a memory 
device may be a read-only memory, random access memory, 
Volatile memory, non-volatile memory, static memory, 
dynamic memory, flash memory, and/or any device that stores 
digital information. It is also noted that when the processing 
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module implements one or more of its functions via a state 
machine, analog circuitry, digital circuitry, and/or logic cir 
cuitry, the memory storing the corresponding operational 
instructions is embedded with the circuitry comprising the 
state machine, analog circuitry, digital circuitry, and/or logic 
circuitry. In Such an embodiment, a memory stores, and a 
processing module coupled thereto executes, operational 
instructions corresponding to at least Some of the steps and/or 
functions illustrated and/or described herein. 
The present invention has also been described above with 

the aid of method steps illustrating the performance of speci 
fied functions and relationships thereof. The boundaries and 
sequence of these functional building blocks and method 
steps have been arbitrarily defined herein for convenience of 
description. Alternate boundaries and sequences can be 
defined so long as the specified functions and relationships 
are appropriately performed. Any such alternate boundaries 
or sequences are thus within the scope and spirit of the 
claimed invention. 
The present invention has been described above with the 

aid of functional building blocks illustrating the performance 
of certain significant functions. The boundaries of these func 
tional building blocks have been arbitrarily defined for con 
venience of description. Alternate boundaries could be 
defined as long as the certain significant functions are appro 
priately performed. Similarly, flow diagram blocks may also 
have been arbitrarily defined herein to illustrate certain sig 
nificant functionality. To the extent used, the flow diagram 
block boundaries and sequence could have been defined oth 
erwise and still perform the certain significant functionality. 
Such alternate definitions of both functional building blocks 
and flow diagram blocks and sequences are thus within the 
Scope and spirit of the claimed invention. 
One of average skill in the art will also recognize that the 

functional building blocks, and other illustrative blocks, mod 
ules and components herein, can be implemented as illus 
trated or by discrete components, application specific inte 
grated circuits, processors executing appropriate Software 
and the like or any combination thereof. 

Moreover, although described in detail for purposes of 
clarity and understanding by way of the aforementioned 
embodiments, the present invention is not limited to Such 
embodiments. It will be obvious to one of average skill in the 
art that various changes and modifications may be practiced 
within the spirit and scope of the invention, as limited only by 
the scope of the appended claims 

What is claimed is: 
1. A capacitive touch sensor pattern of a touch device, 

comprising: 
a first conductor including a plurality of first areas that are 

separate from one another and electrically coupled to 
one another along a first direction, the plurality of first 
areas forming at least a portion of a first sensing line that 
includes the plurality of first areas and a plurality of first 
openings; and 

a second conductor including a plurality of second areas 
that are separate from one another and electrically 
coupled to one another along a second direction other 
than the first direction, the plurality of second areas 
forming at least a portion of a second sensing line that 
includes the plurality of second areas and a plurality of 
Second openings; 

wherein each of the plurality of first areas and each of the 
plurality of second areas are solid areas of conductive 
material; 
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wherein select ones of the first areas are axially aligned 
within corresponding select ones of the second open 
ings; 

wherein select ones of the second areas are axially aligned 
within corresponding select ones of the first openings; 

wherein the first sensing line further includes an additional 
opening; and 

wherein the second sensing line includes an extended area 
coupled to the plurality of second areas and complemen 
tarily aligned within the additional opening. 

2. The capacitive touch sensor pattern of claim 1, wherein 
the first conductor and the second conductor are separated by 
a dielectric material. 

3. The capacitive touch sensor pattern of claim 1, wherein: 
the first conductor is implemented on a back of a surface of 

the touch device; or 
the first conductor is implemented on the surface of the 

touch device. 
4. The capacitive touch sensor pattern of claim 1, wherein: 
a shape of each of the first areas and the second areas is one 

of a circle, a diamond, a triangle, an ellipse, a rectangle, 
or a Square. 

5. The capacitive touch sensor pattern of claim 1, wherein: 
the second sensing line further includes a plurality of sec 

ond additional openings and a plurality of second 
extended areas coupled to the plurality of second areas: 

the first sensing line further includes a plurality of first 
additional openings and a plurality of first extended 
areas coupled to the plurality of first areas: 

Select ones of the first additional areas are axially aligned 
with corresponding select ones of the second additional 
openings; and 

Select ones of the second additional areas are axially 
aligned with corresponding select ones of the first addi 
tional openings. 

6. The capacitive touch sensor pattern of claim 5, wherein 
at least a portion of the first areas overlap corresponding ones 
of the second areas and at least a portion of the first extended 
areas overlap corresponding ones of the second extended 
aaS. 

7. The capacitive touch sensor pattern of claim 5, wherein: 
each of the first additional openings is a first hole within 

one of the first extended areas: 
each of the second additional openings is a second hole 

within one of the second extended areas: 
each of the select ones of the first extended areas has a size 

and shape Substantially the same as the second hole; and 
each of the select ones of the second extended areas has a 

size and shape Substantially the same as the first hole. 
8. The capacitive touch sensor pattern of claim 5, wherein: 
each of the first additional openings is a first notch within 

one of the first extended areas: 
each of the second additional openings is a second notch 

within one of the second extended areas: 
each of the select ones of the first extended areas at least 

partially resides within the corresponding second notch; 
and 

each of the select ones of the second extended areas at least 
partially resides within the corresponding first notch. 

9. The capacitive touch sensor pattern of claim 1, wherein: 
the first conductor is one of a plurality of primary conduc 

tors aligned in the first direction and the second conduc 
tor is one of a plurality of secondary conductors aligned 
in the second direction; 

each of the plurality of primary conductors includes a 
respective plurality of primary areas: 
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22 
each of the plurality of secondary conductors includes a 

respective plurality of secondary areas: 
each of the plurality of secondary conductors includes 

respective extended areas; and 
the respective extended areas between adjacent secondary 

conductors of the plurality of secondary conductors are 
interleaved. 

10. The capacitive touch sensor pattern of claim 9. 
wherein: 

each of the plurality of primary conductors includes 
respective extended first areas; and 

the respective extended first areas between adjacent pri 
mary conductors of the plurality of primary conductors 
are interleaved. 

11. The capacitive touch sensor pattern of claim 1, wherein 
the first conductor and the second conductor are implemented 
on a common plane. 

12. The capacitive touch sensor pattern of claim 11, 
wherein: 

the plurality of first areas are connected via traces; and 
the plurality of second areas are connected via bond wires. 
13. The capacitive touch sensor pattern of claim 11, 

wherein: 
the first conductor and the second conductor are imple 

mented on a back of a surface of the touch device; or 
the first conductor and the second conductor are imple 

mented on the surface of the touch device. 
14. A touch device, comprising: 
a capacitive touch sensor pattern including: 

a first conductor including a plurality of first areas that 
are separate from one another and electrically coupled 
to one another along a first direction, the plurality of 
first areas forming at least a portion of a first sensing 
line that includes the plurality of first areas and a 
plurality of first openings; 

a second conductor including a plurality of second areas 
that are separate from one another and electrically 
coupled to one another along a second direction other 
than the first direction, the plurality of second areas 
forming at least a portion of a second sensing line that 
includes the plurality of second areas and a plurality 
of second openings; 

wherein each of the plurality offirst areas and each of the 
plurality of second areas are solid areas of conductive 
material; 

wherein select ones of the first areas being axially 
aligned within corresponding select ones of the sec 
ond openings: 

wherein select ones of the second areas being axially 
aligned within corresponding select ones of the first 
openings; 

wherein the first sensing line further includes an addi 
tional opening; and 

wherein the second sensing line further includes an 
extended area coupled to the plurality of second areas 
and complementarily aligned within the additional 
opening; and 

a circuitry that provides an energizing signal to the first 
conductor and detects a change in the energizing signal 
caused by a user's interaction with the touch device. 

15. The touch device of claim 14, wherein the circuitry 
comprises: 

an energizing circuitry that provides a signal to the first 
conductor, and 

a detection circuitry that: 
detects a signal received from the second conductor, and 
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based on the received signal, identifies a location of a 
user's interaction with the touch device correspond 
ing to an intersection of the first conductor and the 
second conductor. 

16. The touch device of claim 14, wherein: 5 
the user's interaction with the touch device is a finger of the 

user touching the touch device or a user stylus touching 
the touch device. 

17. The touch device of claim 14, wherein the capacitive 
touch sensor pattern further includes a third conductor 
aligned in the first direction; and further comprising: 

a circuitry that provides an energizing signal to the first 
conductor and detects a signal response in the third 
conductor caused by the user's interaction with the 
touch device. 

18. The touch device of claim 14, further comprising: 
an input/output (I/O) connector coupled to the second con 

ductor. 

19. The touch device of claim 18, wherein the I/O connec 
tor is coupled to one of the plurality of second areas. 

20. The touch device of claim 14, wherein the first conduc 
tor and the second conductor are separated by a dielectric 
material. 

21. The touch device of claim 14, wherein: 25 
the first conductor is implemented on a back of a surface of 

the touch device; or 
the first conductor is implemented on the surface of the 

touch device. 
22. The touch device of claim 14, wherein: 30 
a shape of each of the first areas and the second areas is one 

of a circle, a diamond, a triangle, an ellipse, a rectangle, 
or a Square. 

23. The touch device of claim 14, wherein: 
the second sensing line further includes a plurality of sec- as 

ond additional openings and a plurality of second 
extended areas coupled to the plurality of second areas: 

the first sensing line further includes a plurality of first 
additional openings and a plurality of first extended 
areas coupled to the plurality of first areas: 40 

Select ones of the first extended areas are axially aligned 
with corresponding select ones of the second additional 
openings; and 

Select ones of the second extended areas are axially aligned 
with corresponding select ones of the first additional as 
openings. 

24. The touch device of claim 23, wherein at least a portion 
of the first areas overlap corresponding ones of the second 
areas and at least a portion of the first extended areas overlap 
corresponding ones of the second extended areas. 50 

25. The touch device of claim 23, wherein: 
each of the first additional openings is a first hole within 

one of the first extended areas: 
each of the second additional openings is a second hole 

within one of the second extended areas: 55 
each of the select ones of the first extended areas has a size 

and shape substantially the same as the second hole; and 
each of the select ones of the second extended areas has a 

size and shape substantially the same as the first hole. 
26. The touch device of claim 23, wherein: 60 
each of the first additional openings is a first notch within 

one of the first extended areas: 
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each of the second additional openings is a second notch 

within one of the second extended areas; 
each of the select ones of the first extended areas at least 

partially resides within the corresponding second notch; 
and 

each of the select ones of the second extended areas at least 
partially resides within the corresponding first notch. 

27. The touch device of claim 14, wherein: 
the first conductor is one of a plurality of primary conduc 

tors aligned in the first direction and the second conduc 
tor is one a plurality of secondary conductors aligned in 
the second direction; 

each of the plurality of primary conductors includes a 
respective plurality of primary areas: 

each of the plurality of secondary conductors includes a 
respective plurality of secondary areas: 

each of the plurality of secondary conductors includes 
respective extended areas; and 

the respective extended areas between adjacent secondary 
conductors of the plurality of secondary conductors are 
interleaved. 

28. The touch device of claim 27, wherein: 
each of the plurality of primary conductors includes 

respective extended first areas; and 
the respective extended first areas between adjacent pri 

mary conductors of the plurality of primary conductors 
are interleaved. 

29. The touch device of claim 14, wherein the first conduc 
tor and the second conductor are implemented on a common 
plane. 

30. The touch device of claim 29, wherein: 
the plurality of first areas are connected via traces; and 
the plurality of second areas are connected via bond wires. 
31. A capacitive touch sensor pattern, comprising: 
a plurality of parallel first conductors, each including a 

plurality of first areas that are electrically coupled to one 
another along a first direction and separate from one 
another, at least one of the plurality of first areas within 
at least one of the plurality of first conductors being a 
shaped area having a different shape from a shape of the 
other first areas of the at least one of the plurality of first 
conductors by having an opening within the shaped area; 

a plurality of parallel second conductors, each including a 
plurality of second areas that are electrically coupled to 
one another along a second direction other than the first 
direction and separate from one another, at least one of 
the plurality of second conductors including a comple 
mentary extended area coupled to the plurality of second 
areas of the at least one of the plurality of second con 
ductors and complementarily aligned with the opening 
of the shaped area; 

a plurality of first extended areas extending from each of 
the plurality of parallel first conductors in the second 
direction such that the plurality of first extended areas 
are interlaced with first conductors of the plurality of 
first conductors; and 

a plurality of second extended areas extending from each of 
the plurality of parallel second conductors in the first 
direction such that the plurality of second extended areas 
are interlaced with second conductors of the plurality of 
second conductors. 


